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among the different species. More generally, mixing models using a single turbulence parame-
ter are unable to capture effects of preferential diffusion or dependence on the length scales of
the scalar ﬁelds [4, 5]. Despite the possibility of differing mixing rates, PDF mixing models
commonly assume all scalars mix at the same rate [6, 7].
The customary closure of the scalar dissipation time scale is to scale it with the integral
turbulent timescale,
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where ǫ is the dissipation rate of turbulent kinetic energy k [8] and Cφ is an empirical constant.
Closures for thescalar dissipationrate also have been derived based on its transportequation, by
Zeman and Lumley [9], Jones and Musonge [10], and Mantel and Borghi [11], among others.
The transport equation for the Favre averaged dissipation rate presented by Swaminathan
and Bray [12] is written below for species i, Eq. 4.
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In this equation u is velocity; ω is the chemical production rate; j and k are spatial coordinate
indices such that Y′′
i,k indicates ∂Y′′
i/∂xk. ejk is the stress tensor [8]. Note that this equation
approximates ﬂuctuations of gradients by gradients of the ﬂuctuating quantity, (Y,k)′′ = (Y ′′),k.
This is inexact in variable density ﬂow. The ﬁnal term, O(Di), which arises due to transport
of species diffusivities, is neglected in the subsequent analysis. These simpliﬁcations do not
lead to signiﬁcant imbalance of Eq. 4 in the ﬂames considered in this paper. The left hand
side terms represent the temporal and convective changes of ¯ ρ˜ ǫ, its transport, and its dissipation
due to molecular diffusion, respectively. Swaminathan and Bray consider the dissipation rate of
a premixed ﬂame’s progress variable and conducted an order of magnitude analysis of Eq.4’s
terms using scaling based on laminar ﬂame quantities [12]. This analysis suggests that the
dissipation term, dilatation effects T2, turbulence-scalar interaction T32, and reaction T4 will
showﬁrst orderscalingwithDamk¨ ohlernumber, Dac =(SL.lt)/(δL.u′). SL and δL arethelaminar
ﬂame speed and thickness, lt and u’ are the integral turbulent length scale and root mean square
velocity ﬂuctuations. This implies that the remaining terms will become less important during
turbulent combustion in the ﬂamelet regime. In the absence of reaction, scalar gradients are
controlled predominantly by a balance of the dissipation term and the enhancement of scalar
gradients by compressive strain, T32. The ﬂamelet based order of magnitude analysis results in
similar Da scalings for the minor ﬂame species with the caveat that the Damk¨ ohler numbers can
differ vastly among species. The species time scale ratio Dai/Dac=(ωi/Yi)/(ωc/c) is presented
in Table 1. Dai/Dac was evaluated in an 800K, 1atm, φ=0.7, strained, planar laminar premixed
ﬂame computing the numerator and denominator at the locations of maximum reaction rates
ωi and ωc. The tangential strain rate at used was 1.5τ
−1
f , where the characteristic ﬂame time
τf=δL/SL. These conditions are representative of the ﬂames studied later in this paper.